The proton decay problem and the negative brane tension problem in the original Randall-Sundrum model can be resolved by interpreting the Planck scale brane as the visible sector brane. The hierarchy problem is resolved with supersymmetry, and the TeV scales for soft masses and µ in supersymmetric models are generated by the physics at the intermediate scale (∼ 10 11−13 GeV) brane.
One of the major theoretical puzzles in particle physics is the gauge hierarchy probelm [1] , which is basically the Higgs boson mass parameter(TeV scale) problem in the presence of the fundamental scale of order the Planck mass(M = 2.44 × 10
18 GeV). The well-known techni-color and supersymmetric solutions aim toward obtaining a TeV scale scalar mass naturally [2] . Recently, an alternative solution toward the gauge hierarchy problem has been suggested by Randall and Sundrum (RS) [3] , where the huge gap between the Planck and TeV scales is explained by the exponetial warp factor of a 5 dimensional space-time metric,
where y is the fifth dimension coordinate and σ(y) = kb 0 |y| is given as a solution of the Einstein equation. For the purpose of obtaining such a metric, Randall and Sundrum assumed a negative bulk cosmological constant Λ b ≡ −6k 2 M 3 , and required a S 1 /Z 2 symmetry in the extradimesion y. Then the metric becomes non-factorizable. In this model, there are two branes (orbifold fixed points) as 4 dimensional boundaries, Brane 1 (B1) with a positive cosmological constanat Λ 1 ≡ 6k 1 M 3 at y = 0, and Brane 2 with a negative cosmological constant Λ 2 ≡ 6k 2 M 3 at y = y c . Although the RS setup introduces cosmological constants, their solution is still static because of the fine-tuning between the bulk and brane cosmological constants, k = k 1 = −k 2 , which is a consistency condition in the model.
On the branes, there could exist 'brane fields' that live only in the concerned brane. They correspond to the twisted sector fields in string theory, which are necessay for anomaly freedom of the theory after orbifold compactification [4] . Brane fields on B2 are then governed by M P l e −σ(y=yc) ≈ TeV scale physics, while bulk fields like the graviton and brane fields on B1 are governed by Planck scale physics [3] .
Even though the two scales are easily understood under the RS setup, it has still a few problems:
(i) Late cosmology demands that the visible brane is better to have a positive cosmological constant [5] , which corresponds to B1 in the RS model. Since it is inconsistent with the RS's original motivation that the TeV brane(B2) is the visible brane, there have been several
propositions [6] [7] [8] such that B2 has a positive cosmological constant.
(ii) Under the RS setup it is difficult to rescue the GUT idea because the cutoff scale at B2 is TeV. It is well-known that the GUT scale should be around 3 × 10 16 GeV with the particle content of the minimal supersymmetric standard model(MSSM).
(iii) In addition, the RS model has the proton stability problem since the relevant interaction scale is expected to be TeV. For τ p > 10 33 years, one has to forbid proton decay operators up to dimension 14 [6, 7] , which is a difficult problem even though it may be achievable in contrived models.
To circumvent the above difficulties within the non-factorizable geometry, we propose to regard the Planck brane (B1) as the visible brane, in which the standard model (SM) particles live, and obtain the TeV scale parameter(s) from a source at B2. To obtain the TeV scale mass parameter(s) naturally, it would be desirable to forbid the required TeV mass parameter(s) at B1. The role of B2 is to generate the source for TeV scale masses of B1.
The effects of B2 is transmitted to B1 by bulk fields.
For this purpose, it would be necessary to introduce an additional symmetry that forbid unwanted mass parameter(s) at B1, and a bulk field as a messenger, which may couple to both brane fields. In our simple model, we will assume a global U(1) A symmetry and enforce the messenger bulk field to carry the U(1) A quantum number. This symmetry will be broken spontaneously due to an interaction with brane fields at B2 which plays the role of symmetry breaking source. Then the messenger bulk field will get vacuum expectation value (VEV) to give the Higgs a TeV scale mass parameter.
Even if we get a TeV scale at tree level, in order to guarantee the stability between the Planck and TeV scales, we introduce supersymmetry (SUSY). Then, the scale problem in the theory becomes the µ problem, which is the scale problem in supergravity (SUGRA) models [9] . With µ = 0, there exists the Peccei-Quinn(PQ) symmetry [10] . Therefore, the electroweak symmetry breaking would introduce the unwanted Peccei-Quinn-WeinbergWilczek axion [11] . With the µ term the PQ symmetry is explicitly broken, and there does not appear the unwanted axion in the model. GeV. The TeV scale at B1 is generated by the bulk field(s) coupled to Higgs doublets through non-renormalizable interaction in the model described below.
The low energy SUGRA models also have another scale, the soft mass parameters which are expected to be around TeV scale. These soft masses are generated once SUSY is broken.
The popular SUGRA models use the ideas of hidden sector gaugino condensation at intermediate scale, gauge mediated SUSY breaking, or SUSY breaking due to anomaly. In our case, we employ the gaugino condensation at B2, which seems to be the simplest method.
At B2, the natural mass scales are around the intermediate scale due to the warp factor. If the β function of a nonabelian gauge group is large and negative, this gauge group confines immediately below the cutoff scale of B2 and the corresponding gauginos condense around the intermediate mass scale. In string inspired models, the extra factor group E ′ 8 is suitable for this purpose. In supergravity, gravitino mass is a barometer of the strength of SUSY breaking. In our case, the gravitino mass and the soft parameters are of order TeV scale,
if we take the gaugino condensation scale as 10 13 GeV. Thus, we can show that TeV scale SUSY breaking as well as TeV scale µ term can be realized easily in the RS setup even if we identify B1 as the visible brane.
In this paper, we neglect the backreaction by the brane and bulk fields to the background geometry, and we don't discuss the cosmological constant problem, which is assumed to be zero by fine-tuning in the RS model. In fact cosmological constants on B1 and B2 are nonzeros. However, we will ignore them also because there exists a massless mode of the graviton, which gives the flat space action effectively after integrating over the extradimension [7, 12] .
This situation does not change in the supersymmetric generalization of the RS model [13] .
Let us introduce three siglet fields with a global symmetry U(1) A which plays the role of the PQ symmetry. The U(1) A charges, A, of the various fields are shown in Table 1 . Table 1 . The U(1) A charges, A of the various fields in the bulk and branes.
All the MSSM particles are B1 brane fields, Σ i live(s) in the bulk and S and Z are B2 brane fields. Of course, the gravity multiplet is the bulk field. Brane fields S ≡ (φ S , ψ S ) and 
This is just a schematic formula; it should be rewritten such that the interactions between the bulk and brane fields respect D = 4 SUSY after integrating over the extradimension, which is described below. At B2, the most general dimension 3 superpotential is
which is also a schematic formula.
The action of the hypermultiplet in the bulk is
where γ M ≡ e M a γ a . ∇ M is the covariant derivative on a curved manifold and defined as
Invariance under the supersymmetry transformations [14, 15] ,
requires that the five dimensional masses of the scalars and fermions satisfy
where σ ′ ≡ kb 0 2 θ(y)−θ(y −y c ) −1 and σ ′′ ≡ 2kb 0 δ(y)−δ(y −y c ) , and t is an arbitrary dimensionless parameter. In flat space-time, supersymmetry requires the same masses for the scalars and fermions. But in AdS 5 background, the fields in the same supermultiplet must have different masses [14, 15] .
Equations of motion for the above action allow the massless modes [15] ,
where σ(y) ≡ kb 0 |y| and the normalization factor N is given by
where σ c ≡ kb 0 y c and N is reduced to 1 when t = 1/2. Note that the massless modes depend on 'y'. Φ 2 (x, y) and Ψ R (x, y) do not have massless modes since they are inconsistent with the orbifold condition [15] , and hence the fermion mass terms cannot exist for the massless modes. We will see below that the scalar mass terms are canceled also in the effective 4-dimensional action. When decoupling the K-K massive modes, N = 2 SUSY breaks down to N = 1 SUSY for the massless modes of the hypermultiplet, and
L (x, y) form N = 1 supersymmetric chriral multiplets.
Inserting Eqs. (9)- (14) to Eq. (5) and after integrating by parts, we get 4 dimensional effective action for the massless modes,
where we see the scalar mass terms are eliminated and the contributions of ∂ y Ψ and ∂ y Ψ add up to zero. Thus, we confirm that the φ b and ψ b are massless fields. In the above equations, t is not fixed yet. However, if the bulk fields are required to couple supersymmetrically to the brane fields on a brane, t should be fixed to 1 2 and the bulk fields form a 4 dimensional supermultiplet asΣ
which will become clear below.
At the intermediate brane B2, the brane fields are required to be rescaled such that their kinetic terms have the canonical forms,
where we use e a µ | y=yc = e −σc δ a µ andφ i andψ i are defined as the rescaled fields as follows,
and ψ i ≡ e 
At B2, the brane fields S = (φ S , ψ S ) and Z = (φ Z , ψ Z ), and bulk fieldsΣ
σc ψ Σ (x) can form Yukawa interaction terms supersymmetrically in the action,
where we use √ −g 4 | y=yc = e −4σc and Eq. (18) . m I is defined as m I ≡ M P e −σc ∼ 10 11 − 10
13
GeV for σ c = kb 0 y c ≈ 11.5 − 16. Here we use the Weyl spinor notation for spinor fields. Then we can derive a superpotential at B2 from Eq. (19) as follows,
Here we note that if we did not choose t = At B1 all the needed Yukawa interactions in the MSSM except the µ term are allowed. In supergravity, we define the superpotential W as the maximum [16] allowed by the symmetry
where K is a Kähler potential. In this case, we generally introduce all possible nonrenormalizable terms consistent with the symmetry. Typically, the following superpotential is present,
From Eqs. (21) and (23), we derive supersymmetric scalar potential,
